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While the semiconductor industry's purity debate continues, we now know one thing for certain- 
carrier gas hydrogen from Pd-cell purifiers is purer than that made by getter-type purifiers 
according to DLTS measurements made in studies of AIGaAs grown by MOVPE, one of 
the industry's most demanding manufacturing processes. And this research shows that 
Pd.cell purified H2 also contributes to devices with superior photoluminescent properties. 
How pure is pure ? 
Few would argue that high-purity 
source materials and carrier gases 
are critical to obtaining ultra-high 
performance lectronic and optoe- 
lectronic devices. And, fabrication 
facilities are routinely demanding 
greater than 99.999999% purity, a 
purity that suppliers today are claim- 
ing they have little or no problems 
supplying. The question for the semi- 
conductor fabricator is whether you 
are truly getting the ultra-high pu- 
rities that are claimed and does the 
quality of the products you are 
producing reflect his? 
This article describes two recent 
university studies employing widely 
accepted and reliable methods to 
systematically investigate the quality 
of semiconductors manufactured 
using different carrier gases. Deep 
level impurities of less than 1 ppm as 
well as optoelectronic properties of 
AIGaAs grown by MOVPE (metallor- 
ganic vapour phase epitaxy) were 
measured. AIGaAs grown with 
MOVPE is acknowledged by the 
industry as one of the most stringent 
material/process combinations. The 
research team employed two proven 
and industry accepted methods to 
measure the quality of the A1GaAs 
films-deep level transient spectra- 
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Figure 1. DLTS spectra of AIo.2Gao.#,s using H2 as a carrier (Study #1,  Fig. 1) 
scopy (DLTS) and photoluminesence 
(PL). Both studies were conducted by 
a research team led by Dr. J.C. Chen, 
assistant professor of electrical en- 
gineering at the University of Mary- 
land Baltimore Campus. 
The first study evaluated N2 (vapor- 
ized from liquid N2) and H2 purified 
by a palladium (Pd) cell Model HP-50 
purifier (a product of Johnson Mat- 
they), and purified by a Nanochem L-
300 lithium-getter H2 purifier (a 
product of Semi-Gas Systems Inc.) 
Both manufacturers reported impur- 
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ity concentrations in the purified H2 
of less than 10 ppb. This initial study 
compared the carrier gases under 
both fresh and aged conditions. 
The second study compared H2 
carrier gas produced by a MonoTorr 
Phase II 3000 getter-based purifier 
model, a product of SAES, and by 
Johnson Matthey's Model HP-50 puri- 
fier. Data is only for fresh conditions; 
Dr. Chen and his team are in the 
process of compiling data for the 
SAES getter under aged conditions. 
The carrier gas used in the MOVPE 
process is an important factor when 
it comes to the purity of grown 
materials. Carrier gases, of course, 
carry source materials into the re- 
actor's heated zone where  they 
undergo reactions in the gas phase 
as well as on the substrate surface. 
These reactions in turn lead to the 
decomposit ion of the compounds; 
complete decomposit ion is critical 
to obtaining highly pure semiconduc- 
tor layers and carrier gases play a key 
role in that decomposit ion process. 
On the one hand it serves as an 
impact partner by which it influences 
gas phase reactions; on the other 
hand, its physical characteristics such 
as heat conductivity and capacity, 
viscosity and density have an influ- 
ence on the concentration and pro- 
files of the reactants  near  the 
substrate surface, and therefore also 
influence equilibrium reactions [1]. 
Several makers of commercial gas 
purification devices for hydrogen or 
nitrogen claim they can produce 
carrier gases with impurities (mainly 
oxygen or moisture) in concentra- 
tions of less than 1 ppb. APIMS is 
considered the industry standard 
when it comes to measuring purity 
of those carrier gases. 
The A1GaAs layer is very sensitive to 
the purity of source materials used in 
the MOVPE process. So rather than 
simply relying on APIMS or an 
equivalent analytical method to eval- 
uate purity, Dr. Chen and his re- 
search team chose to examine purity 
from a different perspective using 
the much more sensitive, and per- 
haps more relevant, DLTS measure- 
ment. It is well known that the 
incorporation of oxygen or moisture 
in AIGaAs will create deep-level im- 
purities that are non-radiative centers 
[2]. These nonradiative centres will 
significantly reduce minority-carrier 
lifetimes and efficiencies [3]. That's a 
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Figure 2. DLTS spectrum of AIo.2Gao.~S using N2 as a carrier (Study #1,  Fig. 2) 
serious problem for minority-carrier 
devices sucl~ as laser diodes, LEDs 
and solar cells where long lifetimes 
are essential for achieving reliable 
devices with high-performance har- 
acteristics. Kisker et al. have shown 
that as little as 1 ppm of oxygen in 
the AIGaAs growth process resulted 
in ext remely  h igh-greater  than 
1019/ccLoxygen concentrations in 
the epilayer [2]. It is generally be- 
lieved that ultra-high purity (less than 
1 ppm) source materials uch as Hz, 
N2, AsH3 (arsine), TMAI (trimethyla- 
luminum) or TMGa (trimethylgal- 
l ium) are crit ical to p roduc ing  
device-quality AIGaAs. Studies have 
also shown the deleterious effect of 
oxygen on the PL eff ic iency of 
AIGaAs [4]. 
Since AIGaAs is so sensitive to the 
impurities in source materials, most 
impurities are attracted to it during 
the growth process. The concentra- 
tions of impurities in the as-grown 
AIGaAs epilayers are directly related 
to those in the source materials. By 
measuring the quality and impurities 
in AIGaAs epilayers grown under the 
same conditions, one can determine 
the purity of the source materials, or 
in this case different carrier gases. 
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Experimental 
procedures 
The AlxGam_xAS (Study #1- x=0.2;  
Study #2:x=0.2  and 0.35) layers 
used were grown in a conventional, 
horizontally configured atmospheric 
pressure MOVPE reactor in operation 
since 1992 and one that routinely 
produced high-purity AIGaAs (n = 1- 
10xl015/cc) and high-quality GaAs/ 
AIGaAs laser devices with low thresh- 
old current density (250 A/cm 2 for 
SQW lasers). All reactor components 
(valves, mass flow controller, stainless 
steel tubing, etc.) were carefull~ 
cleaned and leak checked to 10 .7 
scc/sec using a helium leak detector. 
Such results point to not only the use 
of the highest purity source materials 
available in the market, i.e. Mega-bit 
grade AsH 3, but to the high-purity of 
the MOVPE reactor as well. This 
quality also assured a clean base line 
for experiments. 
The Group III precursors were 
TMAI and TMGa; the Group V pre- 
cursor was pure arsine. No getters 
were used to purify any sources. 
Materials were grown at 730°C with 
a precursor V/III ratio of 40, and a 
growth rate of 40 ~tm/hr. A 2 ~m 
thick undoped AIGaAs layer was 
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grown on n+GaAs  (1018/CC) sub- 
strates. Total carrier flow was ap- 
proximately 10 l/m. 
Because the experiment's MOVPE 
reactor was not load-locked nor 
located in a cleanroom, the interac- 
tion between the internal surfaces of 
the reactor and the laboratory ambi- 
ent, i.e. humidity, could differ de- 
pending on the season, i.e. summer 
or winter. In addition, the purity of 
source materials could change with 
time according to some studies [5]. 
To compensate for these conditions, 
the calibration run used Pd-cell pur- 
ified H2 as a reference (labelled a 
standard run) before the other car- 
rier gases were sampled. Such an 
approach provided areliable compar- 
ison of material quality. 
In order to avoid any residual 
impurities in the new purifier when 
changing from one carrier gas to 
another, a two-hour purge at 6 1/m 
was per fo rmed before  growing 
further samples. A detailed growth 
condition is similar to the one pub- 
lished in reference [6]. 
Measuring purity 
The free carrier concentration was 
measured by capacitance-voltage 
(C-V) measurements. 
Composition of AI and Ga was 
determined by PL and double crystal 
x-ray rocking curve measurements. 
The composit ion calculation was 
based on DCC software provided by 
Bede Scientific Instruments Ltd. Sur- 
face morphology was studied with a 
Nomarski nterference microscope. 
Low-temperature PL was employed 
to characterize the optical properties 
of material. The PL setup included an 
Ar+-ion laser (using 514.5 nm line), 
a Spex monochromator, a liquid Nz- 
cooled Ge detector and an Si CCD 
array detector. 
To quantitatively measure the deep 
impurities in the AIGaAs (both Alo.2. 
Ga0.sAs and Alo.35Gao.65As ), deep level 
transient spectroscopy (DLTS) was 
used to characterize layers. Schottky 
contacts, 700 ~tm in diameter, were 
made by evaporating Au through a 
metal mask onto the AIGaAs surface 
immediately after etching in a freshly 
prepared H2SO4:HxO2:H20 (2:1:10) 
solution for 15 sec. Ohmic contacts 
were made by evaporating AuGe/Au 
on the n + GaAs substrate, and alloy- 
ing in forming gas (95% N2 + 5% Hz) 
atmosphere at 420°C for 2 minutes. 
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Figure 3. PL spectra of AIo.2Gao.sAs (Study #1, Fig. 3) 
The DLTS setup was made by Sula 
Technologies and consisted of DLTS 
and a doub le  cor re la tor  DLTS 
(DDLTS). The temperature  scan 
range was from 30 to 380K. Data 
was taken automatically by a compu- 
ter through a high-speed analog- 
digital convertor board. 
Pd-cell vs. Li-getter and 
N2 carrer gas 
All samples howed excellent surface 
morphology no matter what type of 
carrier gases were used. The C-V 
results showed that the undoped 
AIGaAs layers grown in H2 always 
had n-type background concentra- 
tions from 3xlO 15 tO 10 x 1015/cc. 
The typical DLTS spectrum for an 
undoped Alo.zGao.sAs layer of a stan- 
dard run, which had a carrier con- 
centration of 5.0x10~5/cc, is shown 
in Fig. 1. Three main deep electron 
traps, El, E2 and E3, were observed 
with activation energies of 0.70, 0.53 
and 0.30 eV respectively. These traps 
are commonly observed in MOVPE- 
grown AIGaAs layers [7,8]. The 0.70 
(El) and 0.53 (E2) eV traps were 
associated with oxygen-related impu- 
rities that may come from source 
materials, the reactor, the carrier gas 
or a combination of all three. The 
0.30 (E3) eV trap was attributed to 
Ge contamination i source material 
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and was not related to carrier gas [7]. 
Therefore, the very low concentra- 
tion (-1013) of this E3 trap in the 
undoped A1GaAs indicated that the 
source materials were in general 
purer than those reported by other 
groups which had E3 density around 
1014/cc [7].This assured that a clean 
base line was established for the 
experiment. A shallow electron trap, 
E4, was also observed with an activa- 
tion energy of 0.08 eV, which could 
be a shallow impurity level. 
The concentrations of oxygen-re- 
lated traps (Ec-0.53 and 0.7 eV) are 
0.2 to 9 xlO 13 and 3.4-5x1014/cc for 
Pd- and Li-purified H2, respectively. 
The deep impurity level of AIGaAs 
grown using Pd-purified H2 is con- 
sistently lower than that of A1GaAs 
using the Li-based purifier, the differ- 
ence being one to two orders of 
magnitude. 
Equally important, the lifetime of a 
Pd-cell is longer than that of an Li- 
based purifier. In 1964, Johnson 
Matthey invented and patented the 
Pd alloy dlltusion membrane technol- 
ogy that permitted for the first time, 
cost-efficient, high-capacity produc- 
tion of ultrapure H2 (99.999999%). 
The purifier incorporates a barrier 
membrane that permits only H2 to 
pass through. On the other hand, the 
Li-based purifier relies on highly 
reactive metal compounds such as 
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Figure 4. DLTS spectra of AIo.2Gaso.eAs using H2 as a carrier (Study #2,  Fig. 1) 
lithium hydride to snag impurities as 
the H2 flows through. Eventually, the 
compounds break down and allow 
impurities to pass through as well. In 
the first study, the Pd-cell was used 
for more than three years, while the 
Li-based purifier became saturated 
after 10 cylinders of H 2 (volume 
~213 ft3/cylinder, 99.99% pure)were  
used. 
Figure 2 shows the DLTS spectrum 
of AlGaAs grown using N2 (without 
any getter) as the carrier gas. This 
represents a p-type (background 
concentration, p-6xl0~6/cc)  with 
possible oxygen-related traps. The 
concentrat ion of these traps are 
more than one order of magnitude 
higher than that of AlGaAs using Pd- 
cell purified H 2. 
Table 1 shows the deep impurity 
concentrations in different samples. 
The memory effect due to impurities 
left in the reactor and/or  other 
source materials was also studied. As 
can be seen in Table 1, the E1 trap 
densities of standard runs 480 and 
482 are 2 and 3 x 1012/cc.  The 
difference between them is very 
small, which suggests that the mem- 
ory effect of impure carrier gas in 
source materials may be negligible as 
long as the residence time in source 
is not very long. However, the long- 
term memory effect remains un- 
known. 
Fig. 3 shows the low temperature 
(15 K) PL spectra for three samples 
using Pd-ceU and Li-based purified H 2 
and  N2 as the carrier. The samples 
using the H 2 have similar PL spectra. 
However, the intensity of the near 
band edge peak (~, = 698nm) is stron- 
ger if a Pd-cell purified H2 is used. 
This indicates that Pd-cell purified,Hz 
is purer than that from an Li-based 
purifier, which means devices with 
superior optical properties. This data 
is in good agreement with the DLTS 
results. 
Note with the N 2 sample that no 
near band edge peak can be detected. 
However, the study uncovered a 
strong peak located at a longer 
wavelength (~= 1063 nm) that was 
observed for the first time in AlGaAs 
samples. It suggests that some un- 
known impurities were introduced 
when N2 was used. The radiative 
nature of this deep level impurity is 
interesting and not being reported, 
but research is underway to help 
understand its origin. 
Pd-cell vs. SAES getter 
All the A1GaAs layers grown had 
similar background carrier (n-type) 
concentrations between lx l0  ]5 and 
2x1016/cc, which indicated the con- 
centration of deep level impurities 
was below background carrier con- 
centrations. 
All four AlGaAs layers studied can 
produce strong PL under low-tem- 
perature (14K) measurements. While 
all layers had very good quality, again 
the PL intensity of layers grown by 
using Pd-cell purified H 2 are consis- 
tently stronger than that of layers 
grown using the SAES getter purifier. 
However, it should be noted that the 
PL measurement is sensitive to sur- 
face preparation and other issues, 
which suggests that the low-tem- 
perature PL measurement only pro- 
vides a qualitative comparison. 
As with the first study, here again 
the DLTS technique (see Table 2) 
proves to be the most sensitive in 
measuring the deep level impurities 
Table 1. Deep impurity concentrations in AIGaAs using H2 and N2 as carrier gases (Study .#1) 
Gas Sample # Type Oxygen-related 
trap density (1/cc) 
Pd-H2 OM368 n 6.6 xl 013 
Pd-H2 OM374 n 8 xl 013 
Pd-H2 OM377 n 9 x1013 
Li-H2 OM384 n 3.4 xl0 TM 
Li-H2 OM404 n 5 x10 TM 
Pd-H2 OM480 n 2.0xl 012 
N2 OM481 p 1.8 xl0 TM 
Pd-H2 OM482 n 3 x1012 
Pa0e491  IvogNo3 
Table 2. Deep impurity concentrations in AIGaAs using H2 as a carrier gas (Study #2) 
Gas Sample # Type 
OM7911 Pd-H2 
SAES-H2 OM7961 n 
Pd-H2 OM7952 
SAES-H2 OM7972 n 
1 AIo.2Gao.~s 
2 A o.3sGao.ssAs 
n . . . . . .  
3 xl013 
n -1 xl0 ~3 
5 xl013 
Table 3.Overall Comparison of Carrier Gases (Studies I and 2) 
Purifier DLTS Results~ x ~01 ~ PE ,ntensit~ Rat!ng 
Pd-Oe ; ; 02to l  
SAES getter : 3 to5  
L i~getter  . . . . . . .  ; Weaker; ; Fa i r  
Ni t rogen ;; ; ;18 ; ;Undetectable Poor 
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quantitatively. The results show that 
the AIGaAs grown with Pd-purified 
H2 contain 3 to 5 times less deep 
level impurites than that grown with 
SAES getter purified H2. The results 
are also shown in Fig. 4. The lowest 
trap level is less than lx1013/cc, 
which was achieved by the Pd-cell 
purified H2. 
Pd-celh proven purity 
With the first study, by measuring the 
deep impurity density in AIGaAs 
grown by MOVPE, it was found that 
the lowest oxygen-related impurity 
(2x1012/cc) was achieved by using 
Pd-ceU purified H 2 as a carrier. In 
addition, low-temperature PL mea- 
surements showed the Pd-purified H2 
produced devices with superior op- 
tical properties. AIGaAs with poor 
optical quality and high impurity 
density was obtained when N2 was 
used as a carrier. Finally, the lifetime 
of a Pd-cell is longer than that of an 
Li-based purifier. Pd-ceU purifiers do 
not wear out with time like getter- 
type purifiers which eventually get 
used up. 
In the second study, Dr. Chen and 
his research team observed that 
while the AIGaAs layers grown using 
H2 carr ier gas suppl ied by two 
different purifiers all showed reason- 
able quality, the sample grown by the 
Pd-cell H2 always had lower oxygen- 
related deep traps and better PI 
efficiency than those grown by the 
SAES getter purifier. The lowest trap 
density proved to be less than 
lx l013/cc.  
Table 3 provides an overall com- 
parison for the carrier gases evalu- 
ated in both studies. 
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